Although the method for the estimation of the eigenvalues and eigenvectors on the coupled three spin layers has been described in the text, the detailed procedure, especially the conversion from the Cartesian coordinate to the spherical polar coordinate, has not been addressed. Here we described the detail procedure. The LLGS equation in Eq. 2 in the main text can be formulated in Cartesian coordinate with the i-th layer
(S1)
The time derivatives of the azimuthal and polar angle of the can be obtained from the simple algebra as.
Since the values ̇,̇, ̇ can be numerically obtained from the LLGS equation
and Eq. S1 at any value of and , the time derivative of azimuthal and polar angle can be calculated from Eq. S2. After obtaining the stationary point 0 and 0 (i=1~3) numerically from ̇=0 and ̇= 0, the spatial derivative around this stationary point can be obtained by estimating ̇ and ̇ in Eq. S2 in slightly deviated angles 0 + δ and 0 + . The resulting ̇/δ and ̇/ give the matrix elements required for the estimation of the eigenvalues and eigenmodes as described in Eq. 3 in the main text.
Since the explanation on the calculated eigenvectors was not enough in the main article, we describe it here in detail. The eigenvector has six components, each of 3 which can be decomposed as amplitude and phase .
The eigenvectors of the three modes k = 1, 2, 3 in the current densities = ±3 × 10 7 A/cm 2 are shown in Fig. S1 and Fig. S2 , respectively. Generally in all the three modes, the azimuthal angle motion ( ) is larger than polar angle motion ( ). The motions of the spins are rather confined to the plane due to the large demagnetizing field. One can also find that the motion of the polar angle has the phase difference 90 o from the motion of the azimuthal angle in the same layer. This reveals the precessional motion of the spins in each layer.
In the mode k = 1, the amplitude of BPL is larger than the other layers FL and TPL, implying that this mode corresponds to the excitation of the BPL. In a similar manner one can find that the modes k = 2 and k = 3 are related to the excitation of the FL and TPL. In the case k = 2, the amplitude of FL decreases and the TPL amplitude increases as the field increases, while this behavior is reversed in the case k = 3.
Taking the phase part into account, the difference between the two modes k = 2 and k 
B. Micromagnetic calculation on very high current density
The description of the spin motion by the concept of eigenvalue and eigenvectors is valid only when the spin motion is in linear regime. The large amplitude spin motion where the motion is no longer linear can be analyzed through the micromagnetic 5 calculation of Eq. 1. The dynamic coupling through the spin transfer torque gave no effect on the damping property in the low amplitude regime as described in the main text. To investigate its effect in case of large spin amplitude, micromagnetic calculation has been carried out in a model system of s = 1000 nm. The calculated microwave powers in the current densities of 2 × 10 7 A/cm 2 and 3 × 10 7 A/cm 2 are depicted as a function of the magnetic field in Fig. S4a and S4b, respectively. A frequency jump is observed around the breakdown field as shown in Fig. S4b . This behavior is exactly the same with the reports by Gusakova et al. But this behavior is observed only at a high current bias. We could not find such a frequency jump at the current density lower than 2 × 10 7 A/cm 2 .
C. Intuitive understanding of current driven spin precession in dipolar-coupled spin system.
The spin motion of the dipolar coupled system under the current bias has been solved in the main article. For the more intuitive and insightful understanding, it is better to describe the system from non-coupled single spin system, and to monitor the change introduced by the dipolar coupling. For this purpose, the effects of the spin transfer torque and the dipolar coupling have been considered in a more simplified way at the sacrifice of the exactness.
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The motion of a single spin without any spin transfer torque can be described by the LLG equation as
Here the spins are assumed to be in the x � direction (in-plane) and precess in a small angle around the � axis. In this condition, the magnetization vector can be decomposed into static and dynamic part as
where M s is the saturation magnetization and m y and m z are the oscillating high frequency components of the magnetization. When the in-plane anisotropy field is negligible like our circular MTJ cell and the external field µ 0 H is applied to � direction, the effective magnetic field 0 in Eq. S4 can be written as
Here − 0 � is the demagnetizing field and 
Inserting Eq. S7 into Eq. S4, we find,
Inserting Eq. S9 into the time derivative of the Eq. S8 yields the following second order differential equation.
Inserting the time derivative of the Eq. S9 into Eq. S10, we find a simplified LLG equation where the spin transfer torque and dipolar coupling are not considered.
Since the damping constant is much smaller than 1, 2 is ignored. The azimuthal angle is related to the by = / , and the Eq. S11 can be written as
When 0 is much larger than the external field 0 like our experiment, the above equation can be further simplified with ω 0 = γμ 0 M eff as
The small angle spin motion is in analogy with the harmonic oscillator with a resonant frequency of 0 � � + �. Therefore, the coupled motion of the spins in our system 8 can be considered as a problem of the coupled harmonic oscillator. The coupling between the two spin layers is described by putting the dipolar-coupling torque on the right side of the Eq. S10. The only difference between the conventional coupled harmonic oscillator and our coupled spin system is the active damping or driven by the spin polarized current. The active damping on one layer is reversed on the other layer.
This can be taken into account by introducing an active damping constant . If the azimuthal angles of the spins in the FL and TPL are respectively and , the coupled spin dynamics can be described as
Here
If the right part of the Eq. S11 is absent, the equation corresponds to the LLGS equation of each layer without the coupling to the other layer. In this non-coupled case, the resonant angular frequencies of the free and pinned layer is given by � 0 and � 0 , respectively, which is the same as the Kittel formula 24 describing the single spin excitation under the in-plane field. One should note that the net fields applied to the FL and TPL is respectively 0 and 0 ( − ) , whereby the angular resonant frequency of the FL increases with the 9 increasing external field, while that of TPL decreases. At the intermediate field of 0 = 0 /2, the resonant frequencies of the two layers become equal.
The spin polarized current has been assumed to affect only on the damping of the dynamics. The two damping constant and represent the intrinsic and current-driven active damping, respectively. The active damping on one layer is reversed on the other layer. In the positive current bias, is positive and it decreases (increases) the effective damping of the FL (TPL). The term on the right side of the equality corresponds to the coupling torque driven by the dipolar interaction between the two layers. The antiferromagnetic interaction yields a restoring torque on each layer, whereby the coupling torque can be reasonably simplified to be proportional to the angle difference φ − φ with a coupling constant . The system described by Eq. S11 is actually in analogy with the coupled oscillator like the coupled pendulum except the active damping driven by the current bias. For example, the length of the string, which determines the resonant frequency of the pendulum corresponds to the external field in Eq. S11.
As described in the main text, a steady spin precession is impossible if only the energy is transferred to the other layer. Considering Eq. S11, we can intuitively understand why the energy transfer between the two layers is maximal at the breakdown field 0 = 0 /2. The Kittel frequencies of the two layers become equal at this field. Since the two layers are in resonance, they can transfer energy with each other. This explains the extinction of the oscillation mode at the field around 0 = 0 /2 observed in the experiments and calculations.
The numerical solutions of the Eq. S11 have been obtained under different conditions. 
